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The utility of the aeroplane asa means of 
transport is materially lessened and its com- 
mercial. introduction greatly ham 
ing to the inherent inability of mecha- 
nism to readily rise and alight, which is an 
unavoidable consequence of the fact that the 
required li force can only be produced 
by a more or less rapid translatory.-move- 
ment of the planes or foils. In actual ex- 
perience the minimum 1 for ascension 


and janding is a considerable fraction of that 
in full flight; and the principles of design 
do not it of a very great advance in 
this without sacrifice of some de- 


sirable feature. — — reason planes a 
very large area, high lift wing-sections, de- 
flectors of ‘the. —— of the propeller, 
or analogous means, which might be helpful 
in these gr do not afford the remedy 
sought. This indispensab 

imperilling life and property, makes it neces- 
sary to equip the machine with special 
appliances and provide suitable facilities at 


the terminals of the route, all of which en- 


tail numerous drawbacks and difficulties of - 


a serious nature. So imperative has it be- 
come’ to devise some. plan of doing away 
with these limitations of the aeroplane that 
the ‘consensus of expert opinion charac- 
terizes the problem as one of the most press- 
ing and important and its practical: solution 
is ‘agerly ‘awaited by those engaged in the 
development of the art, as well as 
eral-public, 
Many attempts have been maie to this 
‘end, mostly based on the use of independ- 
ent dévices.for the express purpose of facili- 


tating and insuring the start-and finish of 


the gen- 


Ow-. 


le high’ velocity,. 


no. success has as yet, been achieved. Evi- 
dently, this : — portant cle, of the 
nes employed an a to cer- 
tain heretofore } — — 
of the device and fallacies in the accepted 
theory of its operation, an elucidation of. 
which is deemed necessary ‘for the clear. 
understanding of the subject. 7 
ep of a flying machine of this 
lind appear at first attractive, primarily be- 
cause it Frege rea the carrying of great, 
loads with a relatively small expenditure of 


‘ energy. This follows directly from the 
fundamen 


tal. laws of fluid propulsion, ‘laid 
down by W. T. M. Rankine more than fifty 
years ago, in conformity with which the 
thrust is equal to the integral:sum of the 
products of the masses and velocities of the 
projected air. particles; symbolically ex- 
pressed, | 
os | T= (mp). | 
On the other hand, the kinetic energy of the 
air set in motion is — 


oo —2 ) 
From these equations it is evident that a 
great thrust can be obtained with a compara- 
tively small amount of power simply by in- 
creasing the aggregate mass of the particles 
and reducing their velocities Taking a 
special case: for illustration, if the thrust 


under given conditions be ten pounds per 


horse-power, then a hundredfold increase of 
the mass of air, accompanied by a reduction 
of its effective velocity to one-tenth, would 
‘produce.a force of one hundred pounds per 


horsepower. But the seemingly preat gain 
thus secured is of little significance in avia- 
tien, for the reason that a high speed of 
. travel.is generally an essential requirement 
which can not be fulfilled except by 
propelling the air at high velocity, and 
‘that obviously implies a relatively small 


_ Another quality commonly attributed tc 
the helicopter is great stability, this being, 
apparently, 2 logical inference judging from 

location of the centers of gravity and 

- pressure. It will be found, though, that con- 
trary to this prevailing opinion the device, 

‘while mowing in any direction other than up 
or down, is in an equilibrium easily dis- 

turbed and has, moreover,.a pronounced 


* ‘aerial journey, but the — of 
e arrangements proposed is not conclu- 
sivaly demonstrated and, besides, they are 
objectionable, constructively or otherwise, to 
such an extent that builders of commercial 
gat ral so far not considered them 
of sufficient value to den wt from present 


practice. © = 8s | - 

) — attention has 
been turned to the helicopter which is devoid 
of planes as distinct organs of support and, 
presumably, enables both vertical and hori- 
zontal propulsion to be satisfactorily accom- 
plished through the instrumentality of the 
propeller. ‘alone. However, although’ this 
idea is quite old and-not a few experts have 
endeavored to carry it out in various ways, 


a 


tendency. to. oscillate. It is true, of course, 


that when the axis of the propeller is verti- 
cal and the ambient air quiescent 
‘chine is ce to a degree, but if it is tilted 
even slightly, or if the medium becomes 
agitated, such is no longer the case. 

In explanation of this-and other. peculi- 
axrities, assume the helico tér poised in still 
air at g certain height, the cial thrust T 


just equalling the weight, anid let the axis of 


the propeller be inclined to form an angle « 

with the horizontal. The change to the new 

Pont the will have a twofold effect: The ver- 

cal thrust will be diministied to 

T=T sin a, , — 9 

und atthe ns tether wl be produced a 
horizontal . rust 

: Rh=T cos « a. 
‘Under the action of the unbalanced force of 


gravity the ma 
curve to.a level: below and if the inclination was: 


of the propeller as well as its — rota- 
tion. remain unaltered — escent, 
the forces -T, T, and T, wil — 


increase in proportion to the dénsity of the 
air until the vertical —— T, of the 
axial thrust T becomes equal — 
tional attraction. The: tent t of t see 
will ao by the inclination . of 
axis and fora given angle it R 
be theoretically, the the same no matter at what 
altitude: the events take place. -To get an 
idea of its magnitude suppose. the elevations. 
of the upper‘and lower strata measured from ' 
ie —— densition tod He 


the relation = exist 


hn =H wet 


Win evden tha 2 33 


2 — 


in per * the — — of the 
axial thrust in the Jower stratum should 
just support the weight. Hence 


Athen lee 
Seas teed mo agi oO 
nS, —— ae =f 
7 ‘uae eae ‘1 1547 - 
Bahn 200 xg r isé7 =3940 fot. 


the ma- . 


it will 


— magnitude. After = Ia 


- described become rectilinear. 


chine -will now fall along a. 


iby. the use of an — 


—— rates t 
. over, 
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medium, will be urged further down along 
the curved path and the kinetic energy, in 

the vertical sense, possessed by the moving 
mass must be annihilated’ before:the fall is 


arrested: in a. still denser air stratum. . At 


this point the ‘upward thrust will be far in 
excess-of the opposed pull of the weight and 
the apparatus will rise with first — 
and then diminishing speed to a height whi 

may approximate the original.. From there 
again‘fall and so on, these operations 
being repeated during the forward: flight, 
the up and conn excursions from the main 
horizontal line gradually diminish ing, e 

of time, deter- 


mined by numerous influencés, the excur- 
sions should cease altogether.and the path 
But .this is 
— to impossible as‘can be readily shown 


by ioe ting out, another curious feature of 
-the heli 
— the axis of the preps 


In ss ze 
supposed to move-always 

iteelé which result might. be accoin Teahes 
ustable ail this 
‘connection it may be pointed out, "however, 
that such a device will not act in the manner 
of a rudder, coming into full play at — 
vals only ‘and ——ùſ Pad 
rica but will aly absorb — 

thus occasioning s considerable waste of 
motive. power and adding another to the 
many disadvantages of the ‘helicopter. 

Let now the machine’ be~ possessed . of a 
certain degree of freedom, as will be the case 
normally, and observe.in the first place that 
the bla es of the prop ves con- 
— Seas w reaction 


s 7 — 

— blades sf met t are 

ar e and minimum st. right 
ev: 


—— anced at & ey ts coon 
‘zon is it may be consi 7 
aod oui lock to quickly srercuise the inertia 
and gyriscopic resistances all the more read- 
"ily as the upper blad which is situated in 2 
-region where the conditions are more. nearly 
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a and thereby cause the machine to soar. 


higher. Thus periodic oscillations, accom- 
panied by ascents and descents, will he set up 
‘which may well be m 


and plunge to earth. — 

It is. held by. some. experts that the heli- 
copter, — of Soller — resist- 
ance, wo ca a er speed 
than’ the aerophane. But this is an er- 
roneous conclusion, contrary to the laws of 
propulsi It must be borne in mind that 


in the former type, the motive power being 


the same,,a greater mass of air.must be set 
in motion with a velocity smaller than in 
.the latter, consequently it must be ifferior 
in speed. But even if the air were pro- 
pelled in the direvtion of the axis éf the 
screw with: the same. speed. V in both -of 


them, while the seroplane can approximate: 


the same, the ‘helicopter could never. ex- 
— — com — V cos a. 
‘To hicit, ine that the sir cur- 
‘rent aware with the velocity V along the 
propeller axis inclined to form an angle « 
with the — be .replaced hy two 
streams one vertical and the other hori- 


zontal of velocities. respectively. equal ‘to V: 
it will be evident that 2 


Sin « and V cos . 
helicopter in its forward ‘flight could coly. 
approximate and never equal the speed V. 


cos « of the horizontal air current no matter - 


how much ‘the resistance be reduced for, 
according to a: fundamental law | 
sion, the thrust would be ‘nil at.that velo- 


city. The — efficiency should be’ ob- 
tained with the machine proceeding at the 


‘rate % V cos « but the most economical 
utilization of power would be effectéd when 
a=45° in which case the speeds of both the 
horizontal and. vertical streams will be 
0.7 V. From this it may be inferred that, 
theoretically, the best performance might 
be secured in ‘propelling the ‘helicopter ‘for- 
ward. with a speed more or less 


mating 0.35 V but the results’ 


~without special 
as are herein set. forth the device, as 


+ 


means will be co 
Another very serious deféct of this kind 
of fyi from the practical point 
of view, is found in its inability of — 
ing iteelf in the air in.cese of fnilure‘of the 
motor, 
blades being inadequate for reducing the 
speed of the fall suiiiciently to avoid disas- 
ter, and this is an | 

‘to its commercial use. 


) agnified tò an éxtent - 
such as to bring about a complete overturn | 


_especi 


_ whereb 


of propul- - 


approxi-. 
attained in 
— be necessarily much inferior 

rovisions such : 


ingly increased. 


the projected area of the propeller 


|: # 


From’ the preceding facts, which - are 
ignored in the technical publications on the 
subject, it will be clear that the successful 
solution of the problem is in a. different 
on. - — — 

. My invention meets the present necessity: 
in a simple manner without radical depar- 
ture in construction and sacrifice of. valu- 
able features, incidentally - _.advan- 
tages which should — very beneficial 
in the further development of: the art. 
method of ransporting bodies through the 

o bodies ugh the 
air eccording to which the machine is raised 
‘and lowered solely by -the propeller and 
sustained in lateral t by: planes. To 


in | 
_accomplish this'a light and. powerful prime- 


mover is necessary and as particularly suited 


for the _purposo I employ, preferably, a 
turbine of the kind deceribed in my U8. 
Patent No. 1,061,206, of May 6, 1913, which 
not ony: fulfills these requirements, but is 

y adapted to operation at high tem- 
perature. Y also . make ents 

the flying machine may be, auto-. 
matically or at will of the — caused 
to’-function either as a helicopter or an 


aeroplane, . , ; | 
- Full knowledge. of.’ these improvements 
will be readily gained by reference to the 
accompanying drawings in which Fig. 1 il- 
lustrates the machine in the. starting or land- 
ing position and Fig. 2, in horizontal flight. 
Fig. 3 is a plan view of the-same with the 
upper. plane partly Lroken away. 

. The structure is composed of two planes or 
foils'1, 1 rigidly joined. ‘Their length and 
distance apart may be such as to form a near- 
square for the sake of smallness and com- 
pactness. With the same sbject the tail is- 
omitted or, if used, it is retractable. The mo- 
tors 2, 2-in this case turbines of the kind de- 
scribed in my — before referred to, and 
other - parts of the motive apparatus are 
placed with due regard to the centers of grav- 
ity and pressure and the usual controlling 


means are provided. In addition to these 
of the known stabilizing devices may be 
ied in the machine.. 


.t rest the planes 
like 


the motors 


shaft: driving the pro 8, which is con- 
ill. structed * a size and pitch that 


hori- 


shaft 


4 


vided with mechanical connections enablir 
the operator to actuate the devices by hand 
or foot from his seat in any.position. -At the 
art i er being. turned on by . 
machine rises. vertically in the air to the. 
desired hei y tilted 


= — operator ———— the . 
hrust of the propeller in order to compense 
for the reduction of sustaining forcs which 
‘follows inevitably’ from the diminution of 
angle « .and before. the reaction of the 
‘planes. can come into full effect. He will 
thus prevent a downward plunge t 
— of dangerous. oscillations which 
ave been dwelt u 


cuttin 


* 
— 


gtadual 
as 
the machine to advanca 
— —— of 

— 


best 


more povwer 
Pe 


SEE 


° 

3 

q 
a: 
—8 


' than‘under. thejr normal work ! 
‘Special. means‘of control may- be provided, 
a neceemntys to i 
in. these ,operati 
-sithplicity the 1m 


and the - 


above, and by suitable - 
praratie andl etadal ‘rotor. 
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able 
out 
off 


im Ww 


ground the . propeller 


‘desired inclination which is deemed best 


for rising in the manner.of an’ aeroplane. 

Such an: aeroplane constructed and-operated 

as described, unites the advantages of both - 
s and seams to meet e re 


can be ——— ‘attained by temporarily 
more of the working fluid to the 
it faster, or running it at 
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means of which this method is or ma 
carried out either in the special form 


be 
ust 


trated or in modifications of the same, as sensi 


this is the subject of a separate application. 
_ What I desire to secure by Letters Patent 


18° 4 
1. The hereinbefore described method of 


— lane oo rtation lca consist, .in 
evelopin ropelling device,a yerti- 
cal thrust in — o the normal, causing 


thereby the machine to rise in an approxi- 
mately vertical direction, tilting it and si- 
multaneously increasing the power of the 
motor and thereby the propeller thrust, then 
gradually reducing the power and thrust. as 

orward speed is gained and the planes take 
up the load, thus maintaining the lifting 
force — during flight, tilti 
the machine back to its original position an 
at the same time increasing the power of the 
motor and thrust of the propeller and effect- 
ing Janding under the restraining action 
of the same. 


2. The method of operating a helicopter 
which consists in varying the power of the 
motor and thereby the thrust of the propel- 


ler according to the changes of inclination 
of its axis, so as to. maintain the lifting force 
ibly constant during the forward flight. 


3. above described method of trans- 
porting from place to place a heavier than 
air flying machine, which consists in apply- 


} wer to the propeller while its axis is 
* — ‘hon eafficient to cause the 
machine to rise, filting it and at the same 
time applying more power to increase thé 


n gradually diminishing the pow- 
er as the loud is transferred from the pro- 
peller to the planes, tilting back the machina 
and so controlling the applied. power as to 
effect a slow descent upon the landing place 
under the restraining action of the propeller. 

4. In the transport of bodies by aeroplane, 
the method of controlling the propeller 


. thrust and reaction of the planes by varying 


the power of the motor correspon 

with the inclination of the machine so as to 

maintain the lifting force sensibly constant 

during the forward flight. : ; 
In testimony whereof I hereto affix my 


signature, | 
NIKOLA TESLA. 


